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102~ | FEED A FLAT SHEET OF MATERIAL INTO A THERMOFORMING |
J SYSTEM, WHEREIN THE MATERTAL COMPRISES AT LEAST ONE OF |
A THERMOPLASTIC MATERIAL OR A THERMOSET MATERIAL |

+
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

104~ —
HEAT THE FLAT SHEET OF MMEREM VIA THE THERMOFORMING |
| SYSTEM
P06~ | SHAPE THE HEATED FLAT SHEET OF MATERIAL VIA AT LEAST ONE
ROLLER OF THE THERMOFORMING SYSTEM INTO A DESIRED |
CURVED SHAPE
108~
DISPENSE THE SHAPED SHEH OF MATERIAL FROM THE
+ THERMOFORMING SYSTEM +
110~

F MATERIAL TO FORM THE ROTOR

Db COMPONENT
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1

METHODS FOR MANUFACTURING WIND
TURBINE ROTOR BLADE COMPONENTS

FIELD

The present subject matter relates generally to wind
turbine rotor blades of and, more particularly, to methods for
manufacturing wind turbine rotor blade components using
thermoforming and/or pultruded members.

BACKGROUND

Wind power 1s considered one of the cleanest, most
environmentally friendly energy sources presently available,
and wind turbines have gained increased attention in this
regard. A modern wind turbine typically includes a tower,
generator, gearbox, nacelle, and one or more rotor blades.
The rotor blades capture kinetic energy from wind using
known foil principles and transmit the kinetic energy
through rotational energy to turn a shait coupling the rotor
blades to a gearbox, or if a gearbox 1s not used, directly to
the generator. The generator then converts the mechanical
energy to electrical energy that may be deployed to a utility
or1d.

Wind turbine rotor blades generally include a body shell
formed by two shell halves of a composite laminate material.
The shell halves are generally manufactured using molding
processes and then coupled together along the corresponding
ends of the rotor blade. In general, the body shell 1is
relatively lightweight and has structural properties (e.g.,
stiflness, buckling resistance, and strength) which are not
configured to withstand the bending moments and other
loads exerted on the rotor blade during operation. In addi-
tion, wind turbine blades are becoming increasingly longer
in order to produce more power. As a result, the blades must
be stifler and thus heavier so as to mitigate loads on the rotor.

To 1increase the stiflness, buckling resistance, and strength
of the rotor blade, the body shell 1s typically reimnforced using
one or more structural components (e.g. opposing spar caps
with a shear web configured therebetween) that engage the
inner surfaces of the shell halves. The spar caps may be
constructed of various materials, including but not limited to
glass fiber laminate composites and/or carbon fiber laminate
composites.

As such, spar caps may also be constructed of pre-
tabricated, pre-cured (1.e. pultruded) composites that can be
produced 1n thicker sections, and are less susceptible to
defects. In addition, the use of pultrusions 1n spar caps can
decrease the weight and may also increase the strength
thereol. Accordingly, the pultruded composites can elimi-
nate various concerns and challenges associated with using,
dry fabric alone. As used herein, the terms ““pultruded
composites,” “pultrusions,” “pultruded members” or similar
generally encompass reinforced maternials (e.g. fibers or
woven or braided strands) that are impregnated with a resin
and pulled through a stationary die such that the resin cures
or undergoes polymerization through added heat or other
curing methods. As such, the process of manufacturing
pultruded composites 1s typically characterized by a con-
tinuous process of composite materials that produces com-
posite parts having a constant cross-section. A plurality of
pultrusions can then be joined together inside of a casing to
form the spar caps and/or various other rotor blade compo-
nents.

Typical rotor blades have a varying cross-sectional shape
from a root end to a tip end. For example, the rotor blade
may generally curve or taper along a span defined between
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the root end and the tip end. As such, the structural com-
ponents of the body shell may also be required to curve or

taper to correspond to the rotor blade shape.

Thus, the art 1s continuously seeking new and improved
methods for manufacturing rotor blade components that
accommodate the increasing sizes of rotor blades. Accord-
ingly, the present disclosure 1s directed to methods for
manufacturing rotor blade components using thermoforming
and/or pultruded members.

BRIEF DESCRIPTION

Aspects and advantages of the invention will be set forth
in part 1n the following description, or may be obvious from
the description, or may be learned through practice of the
invention.

In one aspect, the present disclosure 1s directed to a
method for manufacturing a rotor blade component of a
rotor blade. The method includes feeding a flat sheet of
material into a thermoforming system, wherein the material
comprises at least one of a thermoplastic or thermoset
material. The method also 1includes heating the flat sheet of
material via the thermoforming system. Further, the method
includes shaping the heated flat sheet of material via at least
one roller of the thermoforming system into a desired curved
shape. Moreover, the method includes dispensing the shaped
sheet of material from the thermoforming system. In addi-
tion, the method includes cooling the shaped sheet of
maternial to form the rotor blade component.

In one embodiment, the method may include shaping the
heated flat sheet of material into a U-shaped receptacle via
the at least one roller. In such embodiments, the method may
further include placing a plurality of pultruded members
(e.g. rods or small plates) into the U-shaped receptacle and
securing the plurality of pultruded members within the
U-shaped receptacle to form the rotor blade component. For
example, in certain embodiments, the plurality of pultruded
members may be secured within the U-shaped receptacle via
a resin infusion process.

In particular embodiments, the step of placing the plural-
ity of pultruded members into the U-shaped receptacle may
include dispensing a layer at a time of the plurality of
pultruded members directly from a pultruded member dis-
pensing assembly into the U-shaped receptacle and stacking
subsequent layers of the plurality of pultruded members atop
cach other until the U-shaped receptacle 1s filled.

In another embodiment, the method may include securing
cach layer of pultruded members together via a clamp as the
layer 1s dispensed from the pultruded member dispensing
assembly.

In several embodiments, the method may include placing
at least one fiber-reinforced polymer sheet atop the
U-shaped receptacle containing the plurality of pultruded
members, placing one or more pultruded plates atop the
fiber-reinforced polymer sheet, and securing the plurality of
pultruded members, the fiber-reinforced polymer sheet, and
the one or more pultruded plates together via the resin
infusion process to form the rotor blade component. In such
embodiments, the method may also include placing at least
one ultrasonic transducer atop the at least one fiber-rein-
forced polymer sheet to assist with packing the plurality of
pultruded members within the U-shaped receptacle.

In further embodiments, the at least one roller may
include a first roller mounted to an adjustable frame. In such
embodiments, the method may include continuously adjust-
ing a position of the first roller via the adjustable frame to
vary an amount of pressure being applied to the heated flat
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sheet of material to shape the heated flat sheet of material
into the desired shape. More specifically, 1n one embodi-
ment, the method may include adjusting the position of the
first roller via the adjustable frame 1n a vertical direction
and/or a horizontal direction to modify a thickness or a width
of the heated flat sheet of material. In addition, 1n certain
embodiments, the step of shaping the heated flat sheet of
material via at least one roller of the thermoforming system
into the desired shape may include pivoting the first roller
via the adjustable frame to shape the heated tlat sheet of
material.

In another aspect, the present disclosure 1s directed to a
system for manufacturing a rotor blade component for a
rotor blade. The system 1ncludes a housing having a first end
and second end, at least one heating element at least partially
contained within the housing, an adjustable frame secured
within the housing, and at least one roller mounted to the
adjustable frame. The first end of the housing 1s adapted
to receive a flat sheet of material. Further, the heating
clement(s) 1s configured to heat the flat sheet of matenal as
it passes through the housing. Moreover, the roller(s) is
configured to continuously move 1n a plurality of directions
via the adjustable frame to shape the heated tlat sheet of
material 1nto a curved shape. In addition, the second end of
the housing 1s adapted to dispense the curved shape to at
least partially form the rotor blade component.

In one embodiment, the system may further include a
curved support structure for supporting the flat sheet of
material as the flat sheet of material 1s being heated via the
heating element(s). Thus, 1n such embodiments, the curved
support structure and the roller(s) are configured to shape the
heated flat sheet of material into the curved shape.

In another embodiment, the adjustable frame 1s adapted to
move up and down, side-to-side, and about at least one pivot
point so as to move the roller(s) 1n a plurality of directions,
thereby achieving the desired curved shape.

In further embodiments, the system may also include at
least one movable pultruded member dispensing assembly
for dispensing a plurality of members 1nto the curved shape.
For example, the pultruded member dispensing assembly
may be removably mounted adjacent a first end of the curved
shape, above the curved shape, or adjacent to the curved
shape.

In additional embodiments, the system may include at
least one clamp for securing individual layers of the plurality
of pultruded members together as each layer 1s dispensed
from the at least one pultruded member dispensing assem-
bly. In several embodiments, the method may also include at
least one spacer positioned within the curved shape for
spacing apart the plurality of pultruded members as the
members are dispensed from the at least one pultruded
member dispensing assembly.

In particular embodiments, the system may 1further
include a controller communicatively coupled to the mov-
able pultruded member dispensing assembly and/or the
adjustable frame such that the system can be controlled
remotely and/or automatically.

These and other features, aspects and advantages of the
present mvention will be further supported and described
with reference to the following description and appended
claims. The accompanying drawings, which are incorpo-
rated 1n and constitute a part of this specification, illustrate
embodiments of the invention and, together with the

description, serve to explain the principles of the mnvention.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention,
including the best mode thereot, directed to one of ordinary
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skill 1n the art, 1s set forth in the specification, which makes
reference to the appended figures, 1n which:

FIG. 1 1llustrates a perspective view ol one embodiment
of a wind turbine according to the present disclosure;

FIG. 2 1llustrates a perspective view of one of the rotor
blades of FIG. 1;

FIG. 3 illustrates a cross-sectional view of the rotor blade
of FIG. 2 along line 3-3;

FIG. 4 illustrates a cross-sectional view of one embodi-
ment of a spar cap formed using thermoforming and pul-
truded rods according to the present disclosure;

FIG. 5 illustrates a perspective, span-wise view ol one
embodiment of a spar cap formed using thermoforming and
pultruded rods according to the present disclosure;

FIG. 6 illustrates a flow diagram of one embodiment of a
method for manufacturing a rotor blade component, particu-
larly a spar cap, according to the present disclosure;

FIG. 7 illustrates a partial, perspective view ol one
embodiment of a front end of a thermoforming system for
manufacturing a rotor blade component, particularly a spar
cap, according to the present disclosure;

FIG. 8 illustrates a partial, perspective view of one
embodiment of a rear end of a thermoforming system for
manufacturing a rotor blade component, particularly a spar
cap, according to the present disclosure;

FIG. 9 illustrates a schematic diagram of one embodiment
of a roller, adjustable frame, and support structure of a
thermoforming system for manufacturing a rotor blade com-
ponent, particularly a spar cap, according to the present
disclosure;

FIG. 10 illustrates a schematic diagram of one embodi-
ment of various stages of rollers of a thermoforming system
for manufacturing a rotor blade component, particularly a
spar cap, according to the present disclosure;

FIG. 11 1illustrates a schematic diagram of one embodi-
ment of a method for manufacturing a rotor blade compo-
nent, particularly a spar cap, according to the present dis-
closure;

FIG. 12 1illustrates a cross-sectional view of another
embodiment of a spar cap formed using thermoforming and
pultruded rods according to the present disclosure;

FIG. 13 illustrates a schematic diagram of one embodi-
ment of a pultruded member dispensing assembly mounted
at a first end of a receptacle that forms part of a rotor blade
component, such as a spar cap, so as to dispense pultruded
rods directly into the receptacle according to the present
disclosure; and

FIG. 14 illustrates a schematic diagram of one embodi-
ment of a pultruded member dispensing assembly mounted
above a receptacle that forms part of a rotor blade compo-
nent, such as a spar cap, so as to dispense pultruded rods
directly into the receptacle according to the present disclo-
sure.

DETAILED DESCRIPTION

Retference now will be made in detail to embodiments of
the invention, one or more examples of which are 1llustrated
in the drawings. Each example 1s provided by way of
explanation of the mnvention, not limitation of the invention.
In fact, 1t will be apparent to those skilled 1n the art that
various modifications and variations can be made i the
present invention without departing from the scope or spirit
of the invention. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, 1t 1s intended that the present invention covers such
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modifications and variations as come within the scope of the
appended claims and their equivalents.

Referring now to the drawings, FIG. 1 illustrates a per-
spective view of a horizontal axis wind turbine 10. It should
be appreciated that the wind turbine 10 may also be a
vertical-axis wind turbine. As shown in the illustrated
embodiment, the wind turbine 10 includes a tower 12, a
nacelle 14 mounted on the tower 12, and a rotor hub 18 that
1s coupled to the nacelle 14. The tower 12 may be fabricated
from tubular steel or other suitable maternial. The rotor hub
18 includes one or more rotor blades 16 coupled to and
extending radially outward from the hub 18. As shown, the
rotor hub 18 includes three rotor blades 16. However, 1n an
alternative embodiment, the rotor hub 18 may include more
or less than three rotor blades 16. The rotor blades 16 rotate
the rotor hub 18 to enable kinetic energy to be transterred
from the wind into usable mechanical energy, and subse-
quently, electrical energy. Specifically, the hub 18 may be
rotatably coupled to an electric generator (not 1illustrated)
positioned within the nacelle 14 for production of electrical
energy.

Referring to FIGS. 2 and 3, one of the rotor blades 16 of
FIG. 1 1s 1llustrated in accordance with aspects of the present
subject matter. In particular, FIG. 2 illustrates a perspective
view of the rotor blade 16, whereas FIG. 3 illustrates a
cross-sectional view of the rotor blade 16 along the sectional
line 3-3 shown in FIG. 2. As shown, the rotor blade 16
generally includes a blade root 30 configured to be mounted
or otherwise secured to the hub 18 (FIG. 1) of the wind
turbine 10 and a blade tip 32 disposed opposite the blade
root 30. A body shell 21 of the rotor blade generally extends
between the blade root 30 and the blade tip 32 along a
longitudinal axis 27. The body shell 21 may generally serve
as the outer casing/covering of the rotor blade 16 and may
define a substantially aerodynamic profile, such as by defin-
ing a symmetrical or cambered airfoil-shaped cross-section.
The body shell 21 may also define a pressure side 34 and a
suction side 36 extending between leading and trailing ends
26, 28 of the rotor blade 16. Further, the rotor blade 16 may
also have a span 23 defining the total length between the
blade root 30 and the blade tip 32 and a chord 25 defining
the total length between the leading edge 26 and the trialing
edge 28. As 1s generally understood, the chord 25 may vary
in length with respect to the span 23 as the rotor blade 16
extends from the blade root 30 to the blade tip 32.

In several embodiments, the body shell 21 of the rotor
blade 16 may be formed as a single, unitary component.
Alternatively, the body shell 21 may be formed from a
plurality of shell components. For example, the body shell
21 may be manufactured from a first shell half generally
defining the pressure side 34 of the rotor blade 16 and a
second shell half generally defining the suction side 36 of the
rotor blade 16, with such shell halves being secured to one
another at the leading and trailing ends 26, 28 of the blade
16. Additionally, the body shell 21 may generally be formed
from any suitable material. For instance, in one embodi-
ment, the body shell 21 may be formed entirely from a
laminate composite material, such as a carbon fiber rein-
forced laminate composite or a glass fiber reinforced lami-
nate composite. Alternatively, one or more portions of the
body shell 21 may be configured as a layered construction
and may include a core material, formed from a lightweight
material such as wood (e.g., balsa), foam (e.g., extruded
polystyrene foam) or a combination of such matenals,
disposed between layers of laminate composite material.

Referring particularly to FIG. 3, the rotor blade 16 may
also 1nclude one or more longitudinally extending structural
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components configured to provide increased stiflness, buck-
ling resistance, and/or strength to the rotor blade 16. For
example, the rotor blade 16 may include a pair of longitu-
dinally extending spar caps 20, 22 configured to be engaged
against the opposing inner surfaces 35, 37 of the pressure
and suction sides 34, 36 of the rotor blade 16, respectively.
Additionally, one or more shear webs 24 may be disposed
between the spar caps 20, 22 so as to form a beam-like
configuration. The spar caps 20, 22 may generally be
designed to control the bending stresses and/or other loads
acting on the rotor blade 16 in a generally span-wise
direction (a direction parallel to the span 23 of the rotor
blade 16) during operation of a wind turbine 10. Similarly,
the spar caps 20, 22 may also be designed to withstand the
span-wise compression occurring during operation of the
wind turbine 10.

Referring now to FIGS. 4 and 5, various views of the spar
cap 20 of FIG. 3 are 1llustrated. FI1G. 4 1llustrates, a detailed,
cross-sectional view of the spar cap 20 of FIG. 3, whereas
FIG. 5 illustrates a perspective view of the spar cap 20 of
FIG. 3. More specifically, as shown, the spar cap 20 1is
constructed of a thermoformed receptacle 42 containing a
plurality of pultruded members 40 (which can be pultruded
rods or small plates) recetved therein. For example, as
shown, the receptacle 42 may have a generally U-shaped
cross-section such that the shape corresponds to the curva-
ture of the suction side 36 (or pressure side 34) of the rotor
blade 16. The plurality of pultruded rods 40 may also be
s1zed to provide flexibility to the spar cap 20 such that the
receptacle 42 can conform to the curvature of the rotor blade
16. In one embodiment, for example, the rods 40 may have
a cross-sectional diameter of from about 0.25 millimeters
(mm) to about 5 mm. Further, in one embodiment, the
pultruded rods 40 may be secured within the receptacle 42
via a resin material 44 using an infusion process. Moreover,
as shown, the spar cap 20 may also include an optional layer
50, such as a fiber-reinforced polymer layer 50, positioned
adjacent to the receptacle 42.

In addition, as shown, the spar cap 20 may include a
plurality of pultruded plates 52 stacked adjacent to the
optional layer 50 and/or atop or within the pultruded-rod-
filled receptacle 42. For example, as shown 1n FIG. 11(A),
the receptacle 42 has side walls that receive the pultruded
rods 40 therein. In further embodiments, as shown 1n FIG.
12, the receptacle 42 may have side walls that receive both
the pultruded rods 40 and the pultruded plates 52. It should
be understood that the plates 52 may be arranged 1n any
number of layers with any number of plates 52 arranged in
cach layer. In addition, as shown in FIG. 5, the pultruded
plates 52 may be curved to follow the curvature of the rotor
blade 16. In alternative embodiments, the pultruded plates
52 may be rectangle and arranged 1n segments to follow the
curvature of the rotor blade 16. Moreover, as shown, the spar
cap 20 may extend between a first end 46 and a tip end 48
in a generally span-wise direction that corresponds to the
root end 30 and the top end 32 of the rotor blade 16. Further,
as shown, the spar cap 20 may be curved between the first
and second ends 46, 48.

Referring now to FIG. 6, a flow diagram of one embodi-
ment of a method 100 for manufacturing a rotor blade
component, such as the spar cap 20, of a rotor blade 1is
illustrated. As shown at 102, the method 100 includes
feeding a tlat sheet of material 54 1nto a thermoforming
system 56. More specifically, as shown in FIGS. 7 and 8,
partial, perspective views of one embodiment of the ther-
moforming system 36 are illustrated. As shown, the ther-
moforming system 56 generally includes a housing 38
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housing having a first end 60 and second end 62. Thus, as
shown particularly in FIG. 7, the flat sheet of material 54

may be fed 1nto the first end 60 of the thermoforming system
56.

Referring back to FIG. 6, as shown at 104, the method 100
includes heating the flat sheet of material 54 via the ther-
moforming system 56. For example, as shown in FIGS. 7
and 8, the system 56 may include at least one heating
clement 64 at least partially contained within the housing
58 for heating the flat sheet of material 54. The heating
clement(s) 64 described herein may include any suitable
clement such as, for example, a heater, a coil, or similar.
Thus, the heating elements 64 are configured to heat the flat
sheet of material 54 as 1t passes through the housing 38.

In addition, as shown, the thermoforming system 54 may
include one or more rollers 68, 70 mounted or otherwise
secured to an adjustable frame 66 within the housing 38.
Moreover, as shown 1n FIGS. 7-10, the system 56 includes,
at least, a first roller 68 and one or more second rollers 70
mounted to the adjustable frame 66. For example, as shown
particularly m FIG. 10, a first stage of the system 36 may
include the first roller 68 and a second stage of the system
56 may include a plurality of second rollers 70. Accordingly,
as shown at 106 of FIG. 6, the method 100 also includes
shaping the heated flat sheet of material 54 via the rollers 68,
70 into a desired curved shape. More specifically, 1n one
embodiment, the rollers 68, 70 are configured to continu-
ously move 1n a plurality of directions via the adjustable
frame 66 to shape the heated tlat sheet of material 54 into the
curved shape.

For example, 1n various embodiments, the adjustable
frame 66 may be adapted to move up and down, side-to-side,
and about at least one pivot point so as to move the rollers
68, 70 in a plurality of directions, thereby achieving the
desired curved shape. In such embodiments, the method 100
may include continuously adjusting a position of the rollers
68, 70 via the adjustable frame 66 to vary an amount of
pressure being applied to the heated tlat sheet of material 54
to shape the heated flat sheet of material into the desired
shape. More specifically, as indicated 1n FIG. 9 by the
various arrows, the method 100 may include adjusting the
position of rollers 68, 70 via the adjustable frame 66 n a
vertical direction 82 and/or a horizontal direction 84 to
modity a thickness and/or a width of the heated flat sheet of
material 54. In addition, as shown via arrow 86, the adjust-
able frame 66 may also be capable of rotating such as to
pivot the rollers 68, 70 to further shape the heated flat sheet
of material 54. Thus, 1n certain embodiments, the method
100 may include shaping the heated flat sheet of material 54
into the U-shaped receptacle 42 (FIGS. 4 and 5) via the
rollers 68, 70.

Still referring to FI1G. 9, the system 56 may further include
a curved support structure 88 for supporting the flat sheet of
material 54 as the sheet 1s being heated via the heating
clement(s) 64 and shaped by the rollers 68, 70. In alternative
embodiments or 1n addition to the curved support structure
88, the system 56 may include one or more additional
bottom and/or side rollers positioned below or to the side of
the top roller(s) 68 for supporting the flat sheet of material
54 as the sheet 1s being heated via the heating element(s) 64
and shaped by the rollers 68, 70. Thus, 1n such embodiments,
the curved support structure 88 and/or the roller(s) 68, 70
may be position-controlled to shape the heated tlat sheet of
material 54 into the curved shape. In addition, as shown by
arrow 90, the support structure 88 and/or the rollers can be
moved up and down and/or side to side.
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Referring back to FIG. 6, as shown at 108, the method 100
includes dispensing the shaped sheet of matenial 54 from the
thermoforming system. For example, as shown 1n FIG. 8, the
second end 62 of the housing 58 1s adapted to dispense the
curved shape to at least partially form the spar cap 20 (i.e.
to form the receptacle 42 that forms the portion of the
component that abuts against the body shell 21). After
dispensing, as shown at 110, the method 100 includes
cooling the shaped sheet of material 54 to form the spar cap
20. The shaped material 1s further illustrated in step (A) of
FIG. 11.

In further embodiments, as shown 1n FIG. 11 at step (B),
the method 100 may further include placing a plurality of
pultruded rods 40 into the receptacle 42 and securing the
pultruded rods 40 therein. For example, in one embodiment,
the pultruded rods 40 may be secured within the receptacle
42 via a resin infusion process. In particular embodiments,
as shown 1n FIGS. 13 and 14, the pultruded rods 40 may be
placed into the receptacle 42 by dispensing a layer 92 at a
time of the pultruded rods 40 directly from a movable
pultruded member dispensing assembly 72 into the recep-
tacle 42 and stacking subsequent layers of the pultruded rods
40 atop each other until the receptacle 42 1s filled. As such,
the pultruded member dispensing assembly 72 may be
removably mounted adjacent a first end of the receptacle 42
(FIG. 13), above the receptacle 42 (FIG. 14), or adjacent to
the receptacle 42. Further, 1n certain embodiments, as shown
in FIGS. 13 and 14, the method 100 may include securing
cach layer 92 of pultruded rods 40 together via at least one
clamp 74 as each layer 92 1s dispensed from the pultruded
member dispensing assembly 72. The stacked layers can
then be infused together via a resin infusion process. In
addition, as shown, the method 100 may also include one or
more spacers 76 positioned within the receptacle 42 for
spacing apart the pultruded rods 40 as the rods 40 are
dispensed from the pultruded member dispensing assembly
72.

In further embodiments, the system 356 may {further
include a controller 80 communicatively coupled to the
movable pultruded member dispensing assembly 72 and/or
the adjustable frame 66 (FIG. 9) such that the various
components of the system 56 can be controlled remotely
and/or automatically. As such, the controller 80 may include
at least one processor having at least one computer. As used
herein, the term computer 1s not limited to integrated circuits
referred to 1n the art as a computer, but broadly refers to a
processor, a microcontroller, a microcomputer, a program-
mable logic controller (PLC), an application specific inte-
grated circuit, and other programmable circuits, and these
terms are used interchangeably herein.

Referring particularly to step (C) of FIG. 11, once the
curved portion of the spar cap 20 1s formed via thermoform-
ing system 56, the method 100 may further include placing
at least one of the optional layers 50 described herein atop
or adjacent to the pultruded-rod-filled receptacle 42. In such
embodiments, as shown, the method 100 may also include
placing at least one ultrasonic transducer 78 atop or adjacent
to the optional layer(s) 50 to assist with packing the pul-
truded rods 40 within the receptacle 42. As shown at step
(D), the method 100 may also include placing or stacking
one or more pultruded plates 52 atop the optional layer 50
and securing the pultruded rods 40, the optional layer 50,
and the pultruded plates 32 together via a resin infusion
process to form the final spar cap 20.

The sheets of material and/or resins described herein may
include a thermoplastic or thermoset material. A thermo-
plastic material generally encompasses a plastic material or
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polymer that i1s reversible in nature. For example, thermo-
plastic materials typically become pliable or moldable when
heated to a certain temperature and solidily upon cooling.
Further, thermoplastic materials may include amorphous
thermoplastic materials and/or semi-crystalline thermoplas-
tic materials. For example, some amorphous thermoplastic
materials may generally include, but are not limited to,
styrenes, vinyls, cellulosics, polyesters, acrylics, polysul-
phones, and/or 1mides. More specifically, exemplary amor-
phous thermoplastic materials may include polystyrene,
acry‘ onitrile butadiene styrene (ABS), polymethyl meth-
acry ate (PMMA), glycolised polyethylene terephthalate
(PET-G), polycarbonate, polyvinyl acetate, amorphous poly-
amide, polyvinyl chlorides (PVC), polyvinylidene chloride,
polyurethane, or any other suitable amorphous thermoplastic
maternial. In addition, exemplary semi-crystalline thermo-
plastic materials may generally include, but are not limited
to polyolefins, polyamides, fluropolymer, ethyl-methyl acry-
late, polyesters, polycarbonates, and/or acetals. More spe-
cifically, exemplary semi-crystalline thermoplastic materials
may include polybutylene terephthalate (PBT), polyethylene
terephthalate (PET), polypropylene, polyphenyl sulfide,
polyethylene, polyamide (nylon), polyetherketone, or any
other suitable semi-crystalline thermoplastic material.

Moreover, a thermoset material as described herein gen-
erally encompasses a plastic material or polymer that is
non-reversible 1 nature. For example, thermoset matenials,
once cured, cannot be easily remolded or returned to a liquid
state. As such, after initial forming, thermoset materials are
generally resistant to heat, corrosion, and/or creep. Example
thermoset materials may generally include, but are not
limited to, some polyesters, esters, epoxies, or any other
suitable thermoset material.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including,
making and using any devices or systems and performing,
any 1ncorporated methods. The patentable scope of the
invention 1s defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they include structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent
structural elements with nsubstantial differences from the
literal languages of the claims.

What 1s claimed 1s:

1. A method for manufacturing a rotor blade component
ol a rotor blade, the method comprising:

feeding a flat sheet of matenial into a thermolforming

system, wherein the material comprises at least one of
a thermoplastic material or a thermoset material, the
thermoforming system comprising a housing having an
inlet and an outlet, one or more heating elements within
the housing, an adjustable frame secured within the
housing, at least one roller rotatably mounted to the
adjustable frame within the housing, the adjustable
frame being movable so as to adjust a position of the at
least one roller 1n a horizontal direction, a wvertical
direction, and an annular direction, and a curved sup-
port structure for supporting the flat sheet of material as
the flat sheet of material 1s heated via the least one
heating element, the curved support structure and the
least one roller configured to shape the flat sheet of
material mto a curved shape;

heating the flat sheet of material via the one or more

heating elements of the thermoforming system as the
flat sheet of maternial passes through the housing;
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shaping the heated flat sheet of material into the curved
shape via the curved support structure and the at least
one roller by adjusting the position of the at least one
roller 1n the horizontal direction, the vertical direction,
and the annular direction and by pivoting the at least
one roller via the adjustable frame by moving the
adjustable frame up and down, side-to-side, and about
at least one pivot point to cause the at least one roller
to contact and form the heated flat sheet of material into

the curved shape;

dispensing the shaped sheet of material from the thermo-
forming system via the outlet; cooling the shaped sheet
of material to at least partially form the rotor blade
component; and

dispensing a plurality of pultruded members directly from

at least one movable pultruded member dispensing
assembly 1nto the shaped sheet of material.

2. The method of claim 1, wherein shaping the heated flat
sheet of material into the desired curved shape turther
comprises shaping the heated flat sheet of material into a
U-shaped receptacle via the curved support structure and the
at least one roller.

3. The method of claim 2, wherein dispensing the plurality
of pultruded members directly from the at least one movable
pultruded member dispensing assembly mto the shaped
sheet of matenal further comprises placing the plurality of
pultruded members 1nto the U-shaped receptacle and secur-
ing the plurality of pultruded members within the U-shaped
receptacle to form the rotor blade component.

4. The method of claim 3, wherein placing the plurality of
pultruded members 1nto the U-shaped receptacle further
COmprises:

dispensing a layer at a time of the plurality of pultruded

members directly from a pultruded member dispensing
assembly 1nto the U-shaped receptacle; and,

stacking subsequent layers of the plurality of pultruded

members atop each other until the U-shaped receptacle
1s filled.

5. The method of claim 4, further comprising securing
cach layer of pultruded members together via a clamp as the
layer 1s dispensed from the pultruded member dispensing
assembly.

6. The method of claim 3, further comprising securing the
plurality of pultruded members within the U-shaped recep-
tacle via a resin 1nfusion process.

7. The method of claim 6, further comprising:

placing at least one fiber-reinforced polymer sheet atop

the U-shaped receptacle containing the plurality of
pultruded members;

placing one or more pultruded plates atop the fiber-

reinforced polymer sheet; and

securing the plurality of pultruded members, the fiber-

reinforced polymer sheet, and the one or more pul-
truded plates together via the resin infusion process to
form the rotor blade component.

8. The method of claim 6, further comprising placing at
least one ultrasonic transducer atop the at least one fiber-
reinforced polymer sheet to assist with packing the plurality
of pultruded members within the U-shaped receptacle.

9. The method of claim 1, further comprising continu-
ously adjusting a position of the at least one roller via the
adjustable frame to vary an amount of pressure being
applied to the heated flat sheet of material to shape the
heated flat sheet of material into the desired shape.

10. The method of claim 9, further comprising adjusting
the position of the at least one roller via the adjustable frame
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in at least one of a vertical direction or a horizontal direction
to modily a thickness or a width of the heated flat sheet of
material.

11. A thermoforming system for manufacturing a rotor
blade component for a rotor blade, the thermoforming
system comprising: a housing comprising a first end and
second end and an 1nlet and outlet, the system also having
one or more heating elements within the housing, an adjust-
able frame, a curved support structure, and at least one
movable pultruded member dispensing assembly, the first
end of the housing adapted to receive a tlat sheet of material
and the curved support structure adapted to support the flat
sheet of matenal, the at least one heating element at least
partially contained within the housing, the at least one
heating element configured to heat the flat sheet of material,
the adjustable frame secured within the housing and being
adapted to move so as to adjust a position of at least one
roller, rotatably mounted to the adjustable frame within the
housing, 1n a horizontal direction, a vertical direction, and an
annular direction, the curved support structure and the least
one roller configured to shape the flat sheet of material into
a curved shape by pivoting the at least one roller via the
adjustable frame and by moving the adjustable frame up and
down, side-to-side, and about at least one pivot point to
cause the at least one roller to contact and form the heated
flat sheet of material into the curved shape, and the at least
one movable pultruded member dispensing assembly
adapted to dispense a plurality of pultruded members
directly 1nto the curved shape.

12. The system of claim 11, further comprising at least
one movable pultruded member dispensing assembly for
dispensing a plurality of rods 1nto the curved shape.

13. The system of claim 11, wherein the at least one
pultruded member dispensing assembly 1s removably
mounted adjacent to at least one of a first end of the curved
shape, above the curved shape, or adjacent to the curved
shape.

14. The system of claim 13, further comprising at least
one clamp for securing individual layers of the plurality of
pultruded rods together as each layer 1s dispensed from the
at least one pultruded member dispensing assembly.
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15. The system of claim 13, further comprising at least
one spacer positioned within the curved shape for spacing
apart the plurality of pultruded rods as the rods are dispensed
from the at least one pultruded member dispensing assem-
bly.

16. The system of claim 13, further comprising a con-
troller communicatively coupled to at least one of the at least
one movable pultruded member dispensing assembly or the

adjustable frame.
17. The method of claim 1:
wherein shaping the heated flat sheet of material into the
desired curved shape further comprises shaping the
heated tlat sheet of material into a U-shaped receptacle
via the curved support structure and the at least one
roller;
wherein dispensing the plurality of pultruded members
directly from the at least one movable pultruded mem-
ber dispensing assembly mto the shaped sheet of mate-
rial further comprises placing the plurality of pultruded
members 1nto the U-shaped receptacle and securing the
plurality of pultruded members within the U-shaped
receptacle to form the rotor blade component; and

the method further comprising securing the plurality of
pultruded members within the U-shaped receptacle via
a resin infusion process.

18. The method of claim 17, further comprising:

placing at least one fiber-reinforced polymer sheet atop

the U-shaped receptacle containing the plurality of
pultruded members;

placing one or more pultruded plates atop the fiber-

reinforced polymer sheet; and

securing the plurality of pultruded members, the fiber-

reinforced polymer sheet, and the one or more pul-
truded plates together via the resin mnfusion process to
form the rotor blade component.

19. The method of claim 18, further comprising placing at
least one ultrasonic transducer atop the at least one fiber-
reinforced polymer sheet to assist with packing the plurality
of pultruded members within the U-shaped receptacle.
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